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[Alloying of chromium—manganese stainless steel] Legirovanie khromo- 
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(Chromium-mangane se steel—Metallurgy) 
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1. Moskovskoye vyssheye tekhnicheskoye uchilishche imeni 
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AUTHORS; Prokoshin, D.A., Ivanov, L,I. and Yanushkevich, V.A. 


TITLE: “Investigation of the activation energy of steady- 
state creep gf B-titanium 


PERIODICAL: ‘Izvestiya vysshikh uchebnyich zavedeniy, Fizika, 
mo. 5, 1961, pp. 65 - 67 


° 


e All the experiments were made in a vacuum of 


107? mm Hg. 3-mm dia, titanium specimens with a gauge length 
of 12 mm, machined to an accuracy of 2 0.01 mm, were used, All 
the specimens were polished, Two types of titanium were used: 
a forged 12-mm dia, titanium r 

iodide titanium Which was addi 

to a purity of at least 99.9%. contained 
the following impurities (in %): 0.05 Fe; 0.03 Cl; 0.03 Si; 
0.05 C; 0.02 Noi 0,11 0,0 The tests were made in the 
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_. temperature range 1 000 - 1 500 °c by the method of thermal 
cycling, whereby each specimen was tested with a constant load 
at.various temperatures, -The loads applied in the tests were 


12.96, 15.62, 19.6 and 26.35 kg/cm’, This enables eliminating _ 

the influence of individual pealaritie of the specimen, which is 

particularly important when investigating the activation energy 

of creep. It was found that the activation energy of steady~ 

state creep of B-titanium did not depend on the test temperature 

or on the applied stresses. For the applied stresses the creep 

activation energy of B-titanium was lower than the activation " 
energy of the self-diffusion of B-titanium and corresponded to 
limit values of Q , which were calculated from the conditions 

of transition from the solid into the liquid state, 

There are 2 figures, 2 tables and 7 references: 5 Soviet-bloc 
and 2 non-Soviet-bloc. The two English-language references 
mentioned ares Ref, 3.-- 0.D. Sherby, I.L, Lytton and I.E. Dorn - 
Acta Metallurgica, v. 5, no. 4, 19572 Ref, 6 - J.W. Edwards, 
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H.L. Johnston and W.E. Ditmarsh, J. Amer. chem, Soc., 75, 2467, 
1953. 


ASSOCIATION: Institut metallurgii imeni A.A. Baykova 
(Institute of Metallurgy imeni A.A. Baykov) 


SUBMITTED : August 5, 1960 
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- “GGESSION NR: .AP30003000 §/0021)/63/150/001/0096/0098 
a cg ATES SEY Hy, Ps Maj Yolkove.s Be Ms Prokosbkin, D. whe Ob 
S TITLE: Investigation of the niobiun-beryllium system 


“ / SOURCE: AN SSSR. Doklady; v. 150, no. 1, 1963, 698 


- * popIc TAGS: wlobium-beryllium system, phase diagram, phase composition, 


“ *- intermetallic compound, lattice parameter, melting point, microhardness, fors 
_., mation heat,. diffusion coating = ee ee Fe 


“ABSTRACT: © For. the ‘preliminary experiments the all s were prepered by diffusion ; 

—'eeoating of 98.9%-pure Nb (microhardness, 200 ke/am2) with: 99.8%-pure Be in the 

900 4013000 temperature range with exposures of varying length. ‘Microscopic 
ae examine tion revealed that the aiffusion ecating consists of several layers of 

i. |. yarfous thicknesges. The innermost layer, the thinnest, was found to have & 

™ ._.- hexagonal lattice with the parameters 4 =-4,516 and ¢ = 1.387 kX and a chemical 
a composition corresponding to the NbBez phase. The next layer, thicker, has @ 

mm chemical composition corresponding to NbBe with @ microiardness of 1580 kg/m. 

r This is a new compound not previously mentLoned in -litertiture. The next leyer, 

: ; . still thicker, consists of NbBeg, which has a ‘hombohedri\l structure with the 
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' parameters a = 7,56 and c = 10.73. kX;. its microhardness is about 1430 kg/nm?, The’ 
| outermost layer, the thickest, has a composition corresponding to NbBe,> and a : 
. -body-centered tetragonal lattice with the parameters a = 7,376 and c = 4.280 kX; 
. its microhardness. 1s 1200 kg/mm*, The phase growth in the diffusion zone at a 
=m: constent temperature. follows a parabolic rate, The approximate calculated temper- 
; s.\ | ature dependence of diffusion coefficients for NbBe; 2 and NoBeg, respectively, is 
| ~  )expressed by the equations D =.7.66 multiplied by 10~* exp(-32,000/RT) and D = 5.7 
@ ‘multiplied by 107? exp(-14,740/RT). For. further experiments a series of alloys 
m = including alloys corresponding to the compounds found in the diffusion zone were 
™ .; vacuum-are melted from the components shown above. The heats of formation of the 
a ‘compounds were found to be 28.8 1 9.6 Calf/mol for NbBey2, 20.5 t 3.2 Cal/mol for 
‘ NbBeg, 46.4 £ 3.8 Cal/mol for NbBe,, and 14.6 t 1.9 Cal/mol for NbBen. On the 
-? basis of the results of thermal, nicroscopie, and x-ray diffraction analysis the 
phase. diagram of the Nb-Be system (See Fig.:1 of Enclosure) was plotted. Orig. 
- vart. bas: 2 figures, 1 table, and 1 formula. pee 
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Investigating the oxidation of niobium-zirconium alloys. Izv. AN SSSR. ; 
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Isothermal section at 1200 of the niobiummolybdenus-chromiun 
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Diflurion of elements iato solid iron. iA; Prokemtykan, <n 


Khim. § Termickeskie Metody Obrabotts Siahy ONT, r, } -e0e 
(A- ? 1938, 3-134; cf. C. A. 32, 8749. - Cementation RE 4 : 
are reviewed and expts. oa cementation by diffusion of Mu -e@ 
and W into solid Fe are described. The texture and the -e0e 
fi compn. of the diffusion layer beyond the limits of soly., 


the mechanism of diffusion and the effect of the texture of 
the cementing substance on diffusion are discussed. 
Curves and microstructures are shown. The cementation 
of steel with gases uced by pyrolysis of kerosene. 
N. A. Minkevich. /did. 1NG-S3; cf. Co a. 32, TURE, 
Advantages of gaseous over solid cementation agents are 
deseriled. Costs and equipment ure discuama!. Kinetics 
of decomposition of a-solutions In the sintering process of 
manufacture of alloys on iron base. B. G. Livshits and 
A. G. Rakhstadt, fdid. 151-77.--The prepn. of binary 
alloys by the sintering method, iherin al teeatinent for the 
dispersion hardening, and the isothermal dovoipa, of the 
a-soln. (supercooled at diflerent temps., from 200 to was") 
are discumed, and presented in the form of diagrams, iso- . is 
therms and microstructures. Investigation of tempered io! 
and of ‘let down” steels by the magnetic method. I. L. iota 
Mirkin and B. A. Sadikov.  Jbid, 257-83.—The magnetic pie 
method of detn, of the components af fetrromagnetites and ' se60 
trandormation processes in tenprread ay stevls during ‘‘tet> 
ting down” are described. The use of thermite and of 
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Cyaniding of high-speed steel. DA. Prokoshkin and 

_ §. Tsaregorodets. A 9-304 July-Aug.. 

; Met. Abstracts » 10, No.4, 2th) 

teel samples cont "i 2% Cr, 18.4% 

first heated in salt baths to S50, 

en te PRS LUN, and kept at that 

The samples were then held fos a! 

init. ina male furnace ap one avr and yooted in still air 

to fai feng After grotishing. Usev were auhjectedt 

to eyanhting ry baths of WOT NuN, oO KUN | AID 

UCN, WEG KakeiGNle Wee Kol, ar oro", 

my-70', and So wa’, req. Ducing the fist 14 ain. 

the hardness rises considerably, but longer periods produce 

a more gradual increase. The C in the steel became 

coned. on the surface and formed a cementing layer, but 
the N diffused deeper into the Fe. c.L.B. 
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4940" The machining of stcel and cast iron is improved by 
daecieeen PbS Into the molten metal. 
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Experimental study of effects of cyaniding temperature, hath 
composition, and evaniding tine upon distribution of © an 
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TITLE: Siliconizing refractory 
133,27 
: AN UkrSSR. Institut problem materialovedeniya. 
metallakh (Diffusion coatings on metals). Kiev, Naukova, dumka , 1965, 36-bh 


metal siliconizing, glow discharge siliconizing, 
en siliconizing, nicbium siliconizing, tantalum sili- 


TOPIC TAGS: refractory metal, 
molybdenum siliconizing, tungst 


conizing 


' “1 4 i ; \ 
ABSTRACT: _ Molybdenum, tungsten, niobium, and bepeeaed ware been siliccnized at 1000 to 
or and hydrogen 


1200c by glow discharge in a mixture of silicon fa me, vap 

_\plowing at a pressure of 40 mm Hg and a rate of 0.47 1/min. The glow discharge starts 
at 500—700 v. The rate of siliconizing in a glow discharge depended on the pressure 
amber, the volume ratio and the rate of consumption of the silicon 
and the reaction temperature and was significantly higher 
{liconizing in a gaseous medium. Molybdenum had a sili- 
n, and a layer 67 yw thick in 4v min. Higher rates 
niobium, and tantelum. The siliconized coatings con- 
i f the respective metals. Tungsten siliconized at 
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AUTHORS : Bystrov,: hele Ivanov, Leles and Prokoshkin, DA, 

Mo cow ' : : ’ eT ee tae, 
TITLE: Investigation of High Temperature cregp“of iron by the 
Torsioriethod se 
PERIODICAL Izvestiya Akademii nauk ggsR,0tdelentye tekhnicheskikh 
nauk, Metallurgiya 4 toplivo, 1959,Nr 65 PP 37-42 (USSR 
ABSTRACT: It is 4 well known: fact that. the rate of creep is 
temperature-dependent and that this relationship can be 
described by 4 general formula 

2 oe) ee xe exp-YRT (1) 

wheres uU is rate of: creep3: ¥ is aT maspureesensitive, // 
pre-exponential factor wnose:- magnitude is greatly 


of the process, . the magnitude of which hag. ‘been - 

postulated to depend on the temperature: and on the. 

and éharacter of the applied stress. Since 

Gand various conclusions on the character ofthe temperature 
and stress dependence. of Q “had: been reached py various 

workers who had studied creep of specimens in tension, 

she present investigation was undertaken with the object 
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67 B30 
| g0v/180-59- §-6/31 
Investigation of High Temperature Creep of Iron py. the. Torsion 
Method of determining the relationship petween “ Q- temperature 
and stress, bY studing creeP of iron sypsjected to pure 
shear stress. . pied’ 

specially designed vacuum apparatus, shown 

cally in Fig 1.. The test piece 
_ eylinder:. of 2 - 3 mm diameter, it © 

-square cross gectiom.ends, was held by , two molybdenum 

grips (2 and 3) 3. the grip (2) was free a 
, carried a jever (4) with a weight (5) which generated 
“M; °° the weight of the lever, Was compensate 
by a counterweient.<&) § the grip (2) rotated on pall 


Mg 20U 
pearings (7): suppor. a re 3d. hou: 
seated! ae igijver ~ OF MSs ‘the grip om the 
- right-hand ‘side was, connected to.an ezectric motor: 
. through 4. worm reducing gear. ire of lever (ger 
from its: originals. horizontal position, “resulted is 
‘ preaking ‘the contact, (2) ». connected with 4 Low jnertia, 
<electrohic. relay. which ‘switched. on -the, ‘electric motor, 
card rotating ata tate..u’ in the direction opposite to athat 
2/7 in which the creep ‘specimen: rotated (at rate Ul): 
under the action of the appl Depending upon 
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the relative values of u and Ul, the engine was 
switched off and on by means of contacts (95 and (10), 
so that the specimen was deformed under the condition 
of constant torque; contact (11) served to switch off 
the complete apparatus after rupture of the specimen. 
A typical creep curve of y~iron, tested at 1 
under M = 0.88 ke cm, is reproduced in Fig 2, where the 
deformation, indicated on the ordinate axis in multiples 

of 360°, is plotted against time (min), I representing a 
the primary creep stage, Il and III the secondary stage 

at 1100 and 1180 °C respectively, and IV the third stage 

of creep. The test pieces were prepared from two types 

of electrolytic iron (for chemical analysis see Table L)s 
re-melted in vacuum and forged; each test piece was 

annealed at 1260 °C for 30 min, To eliminate the 

effect of the possible difference between the properties 

of test pieces of the same nominal composition on the 
experimental results, the creep rates at various 

temperatures were determined on one and the same test 

piece; the accuracy of the obtained data was confirmed 
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deve e trenton of High Temperature Creep of Iron by the Torsion 

ethod 
by good agreement between the results obtained on heating 
and cooling. The results of the first series of 
experiments are reproduced in Fig 3, where the rate of 
the secondary creep (u, 0/sec) of iron (type 1) is 
plotted against temperature (oc), It will be seen that 
in the a-Fe range, U increased exponentially with 
rising temperature, reaching a maximum at approximately 
910 °C; at higher temperatures .U gradually decreased, 
preaching a minimum at approximately 1050 °C The 
general character of this relationship remained the same 
when larger torques were applied, although in these 
eases the minimum value of u was reached at different 
temperatures « The absence of 4 sharp drop in the rate 
of creep at the temperature of the ay ¥ transfor- 
mation was attributed to strain-hardening, associated 
with the volume changes accompanying the change of the 
crystal lattice from body-centred to face-centred. The 

Card temperature dependence of the rate of creep of y-Fe at 

ar temperatures above 1040 °C (which has been found to 
4/7 follow the law described by Ea (1), is illustrated 
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Investigation of High Temperature Creep of Iron py the Torsion 
Method : 
graphics ty in Fig + in the form of log wu versus 
/T x 1O+ curves, plotted for specimens Listed in 
fable 2 under the following headings’ number of the 
kg-om); type of iron; 
{ ‘5 ye L/ g-aton) 3} diameter 
. — maximun tangential gtress, 


hat had been Su 
resence 0 
and pores ( ; ns e defects was a 


particularly hig £ the specimen 
near the fract { 5t). rmation of 
these defects 


in the ‘cress 
the density of 
excess vacancies was if jnereasing with 
increasing distance fr: : ¢ the specimens 
Since it can be postulated t ep is determined by 
the processes of self-diffusion an n of excess 
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Investigation of High Temperature Creep of Iron py the Torsion 
Method 
ep should be 
for these two 
processes, 
Thus, the the autho 
activation energy, of _-Fe (wi 
investigated temper Lied stress range) does 
not depend on the temperature and is equal 95.2 keal/ g- v 
atom. The absolute value of Q as that of 
the heat of evaporation of iron; 
however, Q is most probably de 


processes 0 diffusion and 
vacancies, 


Since it has 

many metals, 

applied stresses is als 

activation energies for sel 

excess vacancies, the present a 

phenomena taking place in a specimen stresse 

are similar to those that oceur during rupture due to 
small tensile stresses. 
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da 17 references, of 
are 5 figures, 2 tables an 
ahioh 10 ave Soviet and 7 English. 
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! Bo, %» PP 62-69 
enros! acing the 
TEXT oping eamanganes® atainiess ataala by TP . 
. rhekel w BR Shs inves tiga®tons into structures phases had pen carrie at J 
oasis ty A.V + tin, PP, Ratauanihe war, Beckat (Rat. be 2+ nn A 
Hie Ref. ALT origor’sav. De L_ Kuarygarteey (net. 4 6) and 
“103 In the present article tnformation 4s givat 
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be 4B 00 and 1,200 Cc were etudied. 
3, Atter quence 


is of the microatruc’ure, Me stress 
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ae 
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forsation and higher harness WAT ava VA 
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1p .4200 £073/E939 
AUTHORS : Ivanov, Le Les matveyeva, M.Pe and Prokoshkin D.A. (Moscow) 
TITLE : Investigation of Plastic Deformation °t High Meltin A 


Elevated Temperatures 
nauk SSSR, Otdeleniye tekhnicheskiy 
. plivo, 1960, No.5, pp-79-89 
TEXT: The results ations of creep in 
torsion at yarious stress ium Yniobiun ¥ 
and chromium. V\ The technique of investigation was similar €o that 

j j i Ref.7)- All_the tests were carried out in 
ith a residual pressure 0 10°? mm Hg, both for constant 


Alloys at 
PERIODICAL: Izvestiya Akademii 
nauk, Metallurgiy@ i to 
are described of investig 


latter case the speci 
various temperatures. 
strain versus time was 


temperature. In the ’ 
into rods of 


and decrease jin the 
hosen that had been forged i 


metal of 99. 4% purity was © 
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5/180/60/000/005/006/035 
B073/E539 

Investigation of Plastic Deformation of High Melting Alloys at 
Elevated Temperatures 
12 mm diameter and also iodide titanium th by 
zonal melting. The specimens had a gauge nd a 
a@iameter of % mm. face was carefully 
was tested in t i 
torques of 0. 
of the logari reep spee the rec 


rious torques, s found that the 
lowing relation 


(1) 


parameter depending on the 
stant which ig sensitive 

to the , The activation 
energies did no peing 32.7 kcal/g-.atom, 
The creep of chromium was jmens with 14 mm rauge 
length and 3 mm diameter) in the temper e 900 to 1380 om 
using electrolytic chromium after resme ded state 
Gara 2/4 
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E073/2939 
Investigation of Plastic Deformation of High Melting Alloys at 
Blevated Temperatures 


e of dried and purified helium, The dependence of 
f the speed of creep of Cr on the reciprocal of the 
temperat j stresses is graphed in Fig.3- Similer 
results ed in Fig.5. The dependence 
the applied 
g conclusions 
no temperatu vation energy 
was obser x 
lied stress, tion 
whilst that of Ti remains unchanged. 
the creep activation energy of titanium is 
-diffusion. The creep activation eneréy of 
Cr and = j x value equalling in the first 
approximatio Y gy of self-diffusion 
and the energy of i Microscopic analysis 
using special methods of etc : clearly the validity of 
the dislocation mechanism of plastic deformation of chromium at 
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Investigation of Plastic Deformation of High Melting Alloys at 


Elevated Temperatures 


ization can be observed even at the 


of creep. ; 
1 German and 7 English, 


SUBMITTED: May 27, 1960 
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has been investigated and it is shown that development ce) 
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AUTHORS ¢ ‘yah PESKOBEE YS a of mechnicel sciences s prof- 
EH50Fs and O.L- Sidunoves candidate of echnical 
Sciences 
TITLE? New date on thermal aiffusio® jin the chromiun~ moly0- 
denun system 
PERIODICAL: Investiy® vyssnikh uchepnykb zavedenty Mashinos troy” 
eniyes ne: 4960 4- 
MEX The auth escribes the seture on of M jth a set~ 
jes of elements» y ther 1 aiffusion- Both gintere a cas Mo wer 
ysed for she xperiment spectral ® ly 8 d traces of Yo, Mts Y 
Gr, Tis *? 1 an Fe + ntered Mo. its chemic® x nation Te y 
aled O- 2 % of , and O- 5 % ant pnicall pure g were && 
pLoye +h mpre& 410Nn>» atu ~4ion ath © wa i yacuul 
ovene T nase 432 e cr-Mo s¥ em snows ontinuous geries 
of soit golutio a 4, temper@ es yestigatto o chromium 
Layer ot aiffusio® yO 900°C naicate av with sper 
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3/145 /60/000/005/008 /010 
New data on thermal oo» p221/D301 


cial structure and properties. The etching of sections exhibited 4 

pright layer at the surface of the chromium-coated molybdenum, se pa~ 

rated from the core containing polyhedron grains. The pright layer 

was divided into two zones. The external zone was thicker and con- 
tained grains directed parallel to the diffusion flow. The second < 
zone, clearly separated from the first, showed no grain-boundaries. a 
The results of tests for microhardness show a gradual increase of 

hardness with the depth and a sharp rise at the limit of etching. The 

authors explain it by the change in the structure of the diffused la- 

yer. The data reveals that in the Cr-Mo system there are special stru- 

ctural states instead of a continuous series of solid solutions: The 

authors state that this is confirmed by X-ray analysis and other in- 
vestigations. There are 4k figures and 6 references. 1 Soviet=bloc 

and 5 non-Soviet-bloc. The 4 most recent references to the English- 

language publications yead as follows: High Temperature Technology; 

Ed. in chief I.E. Campbell, 1956; R.R. Freeman and 1.2. Briggs; Jet 
Propulsion, V>» 27; no. 2, 1957; Le Northeot, Melybdenun, 1956; Me 

Hansen, Constitution of binary alloys, 1958: 
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New data on thermal ... D221/D301 
ASSOCIATION: MVTU im. Bamana (MVTU im. Bauman) ' 
SUBMITTED: May 18, 1959 
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\§. N00 yous $/180/ 60/000/00 5/017/033 
; #111/2139 
AUTHORS : Bannykh, Ophes qudin, LiF os Kashin, Videos and 
Prokosbeiee pA. C os cow} S 
TITTLE: some properties of". ron-ALuminium ALLOYS Based oF the 


PERIODICAL: tzvestiya Akademii nauk gggR,otdeleniy? texhnicheskikh 
nauk, Metallurely> 4 toplivo, 1960, No.9, pp. 149-199 


THAT: The guthors point to the advantageous pro erties (e-8: 
low density; nigh corrosion= 3h in aresistance Wot jron- 
aluminium alloys, qn spite of which ¢ 1itctle 
jnaustrial use is made of them. or their ° “vestigation of 
the strengtn and plasticity of such alloys the authors used the 
following range of compositions, ; 4. B7-10.82 Alj 9,005-0- 09% 
Mn3 9013-0. 100 $13 6 .02-0.09 83 9 ,002-0.012 P3 9,018-0.020. 65 
9,002-0.015 03 9,004-0.011 N; (not all the 3 and p analyses 
were carried ov y. The alloys were melted in 4 vacuum jnauction 
furnace aescribed by Kasnin et al. (Ref .9) or in air from 
Pum nivm-deoxidi zee Armco jron and grade ABOOOO (avoooo )aluminsym: 
j as 2 function of aluminium content. 
Impact strength as function of the test temperature is shown in 
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Fig.2 and the cold brittleness threshold (temperature at which 
the alloy acquired an impact strength of 2 kg/cm2) as a function 
of aluminium content in Fig.3 (air-melted alloys represented by 
interrupted lines in both figures), For tensile testing at 
20-700 °C a type wim -4P machine was used, Tensile strength, 
yield point and relative elongations, a8 functions of aluminium 
content for various temperatures, are shown in Fig.4. Fig.9 
shows relative elongat function of temperature for air- 
and vacuum-melted alloys i and left-hand graphs). Grain 
size as a function of holding time at 1100 °C for vacuum-me lted 
alloys is shown in Fig.6. The influence of heating temperature 
on hardness for two alloys with 15% Al is shown in Fig.7 (air- 
melted, curve 1; vacuum-melted, curve 2): the hardness of both 
has a maximum at about 350-450 °C, but rises much more steeply 
and attains a higher value with vacuum melting. Vacuum melting 
also improves other high-temperature properties of Fe-Al alloys. 
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Increasing aluminium content to about 15% increases strength at 
20-600 °C; at 700 °C it has little effect. Maximum strength and 
adequate plasticity are obtained at 400 9G; above 600 °C 

strength falls sharply while plasticity increases, 

There are 7 figures, 1 table and 16 references: 5 Soviet, J * 
10 English and 1 German, 
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AUTHORS: Dekhtyar, I.Ya., Ivanov, L,1,, Matveyeva, M.P. and 
prokoshkin, D.A. (Moscow) 
TITLE: Influence of Plastic Deformation on the Kinetics of 
Evaporation of Iron from Type 10 Steel , 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk, Metallurgiya 1 toplivo, 1960, No.5, pp. 171-173 Je 


TEXT : fhe authors point out that crystal lattice defects — 
produced by plastic deformation must affect both partial and 


integral thermodynamic properties. Dekhtyar et al. (Ref.1) and 
other authors (Refs 2, 43) have previously shown that plastic 
deformation affects m The present work gives 
i influence of 

on of iron 


from typ i: 0,04 P; ; 

0.26 Al; s developed and used is 
shown in Fig.1: 1 specimen has its open end 
closed with a tantal Knudsen cell, 

The specimen, subjec is heated in a 
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graphite inductor of an axially varying wall thickness, After 
fabrication specimens were annealed in helium for 30 minutes at 
1200 °C, sealed infquartz capsules and irradiated with thermal 
neutrons, giving Pe?9. The rate of evaporation was found from 
the activity of the deposit on a molybdenum foil (polished toa — 
mirror finish) in an aluminium holder cooled with liquid nitrogen. 
Fig.2 shows evaporation rates of iron for undeformed specimens of 
the steel (curve 1) and pure iron (curve 2). Fig.%3 shows 
evaporation rate for the steel (curve 1) and the corresponding 
deformation rate (curve 2), The effect is complex and the 
authors suggest a similar study on pure iron, 

There are 3 figures, 1 table and 4 references: 2 Soviet and 

2 English, 
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AUTHORS: Arzhanyy, P.M., Volkova, RM. and Prokoshkin, D.A. 


(Mo sCOW ) st IPE RIPE REDO IE PLATTEN OMG Se ae 
TITLE: On the Diffusion of Beryllium and Aluminium in Niobium 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeneliye tekhnicheskikh 
nauk, Metallurgiya i toplivo, 1961, No.2, pp.119-121 


TEXT: In earlier work the authors investigated the diffusion of 
silicon, titanium and other elements into niobium, In the present 
paper the results of an investigation of the diffusion of 
beryllium and aluminium from a solid phase into nivbium at 900 to 
130°C during a period of 6 hours are described, Niobium of the 
following composition (in %) was taken for the investigation: 

Nb 98.8, Ta 0.4, Pb 0.15, Fe 0.13, N 0.8, 0 0.09, Si 0.01, 

c 0.14, BS5x 1075, The distribution of the concentration in the 
diffusion layer was carried out by the X-ray spectroscopic method 
in the Institute of Metallurgy AS US5R. The microhardness was 
measured with an apparatus MIMT-3 (PMT-~3) at a load of 50 g. The 
X-ray photographs were taken layer by layer in an PK (RKD) 


camera 57.4 mm in diameter using unfiltered chromium radiation. 
Card 1/5 
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Typical microstructures of diffusion layers, formed during the 
diffusion of beryllium and aluminium into niobium at 1200 and 
1300°C in a Period of 6 hours are shown in Fig.1, Changes in the 
concentration of niobium along the depth of the diffusion layer in 
the system Nb-Be are shown in Fig.2, The main diffusion 
parameters were determined Sraphically and algebraically as well as 
by the method of least squares on the basis of metallographic 
analysis of the diffusion layer, The values of the diffusion 
coefficients are given in the table, The following temperature 
dependence of the diffusion coefficients was obtained: 


D = 7.66 x 1074 exp (~ 3200/RT) for NbBe,, 
: D = 7.18 x 1078 exp (- 6700/RT) for NbAlz. 


: The large difference in the activation energies of diffusion of 

beryllium and aluminium is attributed to the difference in the 
diffusion mechanisms of beryllium and aluminium, The following 
niobium beryllides were established: NbBejo, NbBeg, NbBecg 
NbBeo. Furthermore, crystal structures of NbBejo, NbBeg and 


NbBeo were established, NbBejp has space centred tetragonal 
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Lattice (a = 7.376, ¢ = 4,280 kX), microhardness 1200 kg/mm? ; 


NbBeg - hexagonal lattice (a = 7.56, ¢ = 10.73 kX); NbBep - 


' hexagonal lattice (a = 4.516, c = 7.387 kX). The crystal 


structure of NbBes was not, as yet, determined. Aluminium also 
diffuses into niobium forming intermetallic phases. In the 
diffusion layer obtained at 1300°C during 6 hours, the following 
two phases were determined (the thickness of the second phase was 
very small): NbAlz with tetragonal lattice (a = 3,846, 
c = 8.714 kX) and NbAl3 with cubic lattice (a = 3.745 kX). It can 
be assumed that the formation of phases in the systems Nb-Be and 
Nb-Al takes place by chemical combination. A similar character 
of the formation of phases was observed during the diffusion of 
silicon into. niobium. The reaction of formation of phases takes 
place on the boundary: phase-diffusing element. A slower growth 
of subsequent phases is due to recrystallization of the structure 
and a lower velocity of diffusion. In many cases in: the process 
of diffusion a solid solution is formed at first followed by a 
new subsequent phase. R.P.Petrova participated in the work. 
There are 2 figures and 1 table. 
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Fig.l. Microstructure of niobium saturated with beryllium (Fig.ie) 
and aluminium (Fig.1b) in 6 hours at temperatures of 1200 and 
1300°C respectively. 
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i: Fig.2, Changes in the concentration of Nb along the depth 

“4 diffusion layer in the system Nb-Be. : o~ oe 
“i Nb, wt % vs 6 = distance from the surface, microns 
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AUTHORS 3 Prokoshkin, D.As. Doctor of Technical Sciences, 
Professer and CHzhan Shao-Tszyun, Engineer 


TITLE: Influence of Some Oxides on the Recrystaliisation 
of Kolyvbdenum 


PERIODICAL; Metassovedeniye ji termicheskaya obrabotka 
metallov, 1961, No. 3, ppe 9 - 14 


TEXT s The authors studied the influence of oxides T1i0,; 


zro, and Tho, and complex admixtures containing Ti and ZrO, 


on the recrystallisation of molybdenum, The content of 
ZrO. and Tio, in the molybdenum did not exceed 0.5% and that 


of Tho, did not exceed 2%, All the alloys were produced by 


powder -metallurgy methods. using a 99.97% purity molybdenum 
powder as a starting material, The “Uy and inv, particies 
were introduced chemically by submerging the mo Lybdenum 
powder into an aqueous solution of zirconium nitrate ane 
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throium nitrate; during subsequent heating the oxides e 
ZrO, and Tho, formed, Alleys with additions of TiO, were 


produced by mechanical mixing in an alcohol suspension of 

molybdenum powder with titanium-oxide powder. The Mo allcsys 

with additions of ZrO, and Tad, were sintered by the passage 
= 


of an electric current through the pressed mixture; the 
. s « 3 rhe 
sintering temperature was about 2 400 C. The alioys with 


TiO, were sintered at 1 700 ~C in a tubular furnace in wet 


hydrogen. The contents of the oxides in tne molybdenum 

alloys are given in the table, After sintering, the specimens 
were forged at l 4OO - 1 300 “c into 2.5 mn diameter rods. 

waich were drawn at 800 ~ 700 C into 0.6 wm diameter wire, 
thereby achieving a reduction of 92%. For studying the 
recrystallisation,the specimens of all the alloye were held 

for 30 min in a salt bath at various temperatures between 

900 and 1 500 °c, Microhardness, microstructure and X-ray 
investigations were carried out, The fact that recrystallisatigi 
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occurred was determined from a reduction in the microhardness 

or appearance of interference spots on the X-ray exposures 
obtained with chromium radiation For measuring the micro- 
hardness and observing the atructure, the specimens were 
polished using a solution containing 1 000 ml. water. 50 ¢ 
petassium ferricyanide salt, 3 g taustic scda and 20 g 

Al,0, powder. To remove the work-hardened layer polishing 

and et:hing were repeated several times. The optimum of three 
cempositions was found to be the molybdenum allsy containing 
about 0.5% ZrO, the detrease in the microhardness in this case 


begins at 1 200 Se 0OoWath detreasing quantities of the 


zirconium oxide the microhardness of the aitsy decreases, 
An alloy with 0.2% TiQ, was found to have the highest \ 
\ 


resrystallisation temperature, On increasing the quantity of 
titanium oxide to 0.5% the microhardness drepped Sodium 
oxide has a less prenounced effertt on the vrerrystallisation 
temperature of molybdenum: the best was a molybdemim alley 
containing 1% ThO,. fer whith the rezrystallisation thresbold 
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was about 1 150 °c. A ceduction in the :entent cf the sodium x 
oxide to 0.5% cr an increase to 2% resulted in a decrease in 

the recrystallisation temperature, Of greates? interes! 15 

a molybdenum alloy - G.8% Ti and 0.&% 2x 0., this alley con 


the 7 yf, S 
serves o high hardness up te/annealizny temperature cf 1 260 “C. 


which is higher by 350 Cc than the recrystailisation 
temperature of pure molybdenum. It wags feund that alloys 
with the highest recrystallisation temperature had an almost 
equal total content by volume of oxidss. This appltres 
particularly to ZrO, and Tho, - The following :onclusions are 


arrived at; 

1) introduction cf oxides of titanium, zirtonium and thorium 
into molybdenum impedes the precess of recrys tallasation 

and grain grewth, For 2ach system molvbdenum-cxides a 
sertain optimum oxide content exists which has the greatest 
effective ianfluenze on rerrystaltlisation. 

2) It was found that the admixtures C.i% Ti0,. 005% 270, 


we 
= 
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and 0.5% Zr0, + 0.5% Ti had the greatest influence, For 


the first two alloys the recrystallisation temperature was 
300% higher and for the third alloy it was 350% higher than 
that for pure molybdenum. 

There are 6 figures. 1 table and 5 referenzes: 3 Seviet and 


2 non-Seviet. 


ASSOCIATION: MVTU imeni Bauman 
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Table: _ 
i . stz le yxid2 Rezrystal- 
Alloy Oxide Reearystal Alley Oxi 
, rey : ter lisation 
No. Content  Tisatieta tc Nov Sontent ___ threshold. °c 
ere ee es SOT ne ees tang ico 
0. 176% Zr9, 2000 6 0.45% TiO, 5 
2 0. 402% zr0, LLESO a 0.5 ~fo ThO, 1100 
= 0.483% ZrO, 1219 8 0.53% Tho, 1150 
2 7 | ie 
4 0.084% TiO, +200 9 1.72% Tho, 920 
& 0.217% Ti0, 1190 1D 0. 7OL%Zr0 ,+ 
10, 475% Ti 1260 
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AUTIECRS: Zakharova, M.Z. anc Provosikiu, DA» (QdMicece.) 
SIOLE! anvestivyation of the niobi wz-molybdenum-cisron.un 
systeis 
PERT DICAL: Alradciaiya uauk SSSR, Iuvestiya. Otdeleniye 


tekhnic:ewiciich nauk. Metallurgiya i toplivo. 
noe %, 1552, pp» 53 - 67 + 1 plate 


TEXT: The hb-Mo-Cr system is of oroat interest in view 
ef tue special sroperties of the metals and their alloys at 
aucient and nica temperatures. An isotherwal section wae 
davestigated using wetallographic, ray diffraction and 
Dardness measuromcnts on specimens sf alloys quenched from 
1 20C “C. Alloys were made from cousact niobiun (0.17% Ti, 
0.12 Fe, 0.99 Ta), electrolytic chronium (0.00018% 0, 
G.0127 N, 0.0021 Ph, 0.0001 Sn, 0.0017 Sb, 0.0001 B) and X 
Sintered molybdenum rod (0.006% RO, 0.002 Ni, 0.01 Si0,, 

j 


0.026 0) by arc-melting with a tungs:on electrode on a water-~ 
cooled copper base, in argon purified by melting titaniun. 
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The CO = 30 g dugots wore remelted 4 ~{% timos with invergion, 
Chroulun losses of 3 = 5% were allowed tor in the charge. The 
alloys wae annealed in argon at 1 500 ‘\ for 50 hours or for 

100 if containing over 50% niobium. Fo etching agents wero 
used for the microstructural investigati | ; 1) successive 
application of nitric and hydrofluoric « {is (for niobium and 
high-Nb alloys); 2) one part sulphuric, .ne hydrofluoric, 

two nitric acid, one water (for alloys wi \ up to 50 at.% Nb); } 
5) 10% oxalic acid for electrolytic etchi\\ at 


9 
0.3 - 0.5 A/cm” for alloys rich in molybde. 
4) 30% aqueous hydrofluoric acid for elect 


‘ and chromium; 
-lytic etching 

tne composition 
were powderac, 


at 0.1 - 0.2 Acar for alloys approximating 
of NbCr,- For X-ray investigations the allc 
annealed i: evacuated double quartz capsules \ i £00 % for 
50 min and water-quenched; the asymmetric m (od with 
unfiltered chromium radiation was used. The -oy conpositions 
formed three guasi-binary sections with molyb: yun contents of 
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10, 20 and 40 at.%. In addition, ternary alloys with 45, 60, 
62 and 71 at.% Mo and binary alloys with 2 - 92.5 Nb (Nb-Cr), 
10 - 40 Mo (Mo-Nb) and 10 - 50 Mo (Mo-Cr) were used. The 
Mo-Cr system is incomplete and discrepancies exist in the 
literature (e.g. in Ref. 5 - Bloom D.S., Puttman, I.W. and 
Grant, N.I. - Tans. AIME, 1954, 200, 261-268 - the thermal 
transformation at 12 at.% Mo). In the present work, only one 
phase could be found - a solid solution with a body-centred 
cubic lattice with a lattice parameter a increasing from 
2.911 at 10.0 at.% Mo to 3.025 at 50.0; the corresponding 
hardness H, values are 272 and 383 kg/mm. The Nb-Cr system 


differs from the above, e.g. in the formation of a compound, 
NbCr, (Ref. ll - P. Duwez and H. Martens - J. Metals, 1952, 
v.4.4 now. 1); at 1 200 C the solubility of niobium in 
chromium is about 2 at.%, that of chromium in niobium being 
11 at.%. Changes in the lattice-paraweter values of NbCr,, 


and the microstructure of the alloys show that a homogeneous .f 
region, based on NbCr,, exists in the Nb-Cr binary systen. . 
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In the Nb-Mo-~Cr ternary system, a solid Solution alpha (beta) 
is formed at each corner, with the widest extent at the 
molybdenum corner. For finding precisely the phase boundaries } 
in the ternary alloys those of the 10 at.% Mo Section wore 
investigated. These alloys were made from powders of niobium 
(98.7%, with 0.03 Fe, 0.08 Ti, 0.20 Pb, 0.04 Si and 18 
[Abstractor's note - 1.8 $) Co), molybdenum (99.65%, 0.01 Ro0., 

oe 


0.001 Ni, 0.24 05) and electrolytic chromium. The powders were 


sintered in vacuum for 10 hours at 1 500 °C before fusion. 
Hardnes and lattice Parameter measurements were also carried 
out on the ternary alloys. The 1 200 “C isothermal Section of 
the ternary system is Shown in Fig. 7. Points of type 1 - 6 
indicate data obtained by microstructural analysis; type 7 
points indicate phase boundaries from X-ray structural data. 
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There are 7 figures, 4 tables and 15 references: 8 Soviet-bloc 
and 7 non-Soviet bloc. The four latest English-language 
references quoted are: Ref. 3 - H.D. Kessler and 

H.A. Hansen - Trans.AIME, 1950, 42, 1008; Ref. 4 - I.W. Putnam 
R.D. Potter and N.I. Grant - Trans. AIME, 1951, 43, 824-847. 
Refs. 5 and 11 (quoted in text). 


SUBMITTED: November 23, 1960 
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AUTHORS: Prokoshkin, D.A., Datveyeva, M.P-, and Morozov, V.A. 


TITLE; Study of the resistance of Cr-Mo alloys to plastic 
deformation, based on measuring hot hardness 


SOURCE: Akademiya nauk SSSR. Institut metallurgii. Issledsva- 
niya po zharoprochnym splavam, v. 7, 1961, 210-213 


TEXT; Alloys containing 0 - 40 4 Mo were prepared from electroly- 

tic 99.96 ® Cr, containing 0.014 4 N, and 0.01 % On, and electroly~ 
ti: 99.85 % Mo by fusion under He, and were cast into cylindrical 
ingots which were then annealed for 4 hours at 1400°C. The hardness 
was measured on 14.8 mm dia. x 5 mm long specimens, on polished 

ends, using a BUM-1 (VIM-1) tester. A diamond indentor was used. 

in the shape of a tetragonal pyramid with an apical angle of 136°, 
under a load of 1 kg, between 400 and 1080? Duration of each test 
was 30 secs. and the diagonals of the impressions were then measu- E 
red with an MVMM-6 (MIM-6) microscope with an accuracy of + 0.002mm 

a fie that, in all cases, the hardness decreased with rising XX 
ard 1/2 
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temperature up to 600°C, passed through a maximum at 750°C and then 
decreased again at higher temperatures. It was also higher for high- 
er Mo contents. In a second series of tests the hot hardness was 
measured under a load of 1 kg, at 1080°C, over periods of 30; 60, 
120, 300 and 1200 secs. The rates of plastic deformation, calcula- 
ted from these results. confirmed the observation that Mo improved 
the resistance to plastic deformation. There are 3 figures, +? table 
and 2 Soviet-bloc references. 
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AUTHORS: Arzhanyy, P.M., Volkova, R.M., and Prokoshkin, DeA- 
TITLE: Kineties of oxidation of niobium and its alloys 
SOURCE: Akademiya nauk SSSR. Institut metallurgii. Issledova- 


niya po zharoprochnym splavam, V. 7, 1961, 214 ~ 220 


TEXT; This work is concerned with the oxidation of niobium after 
alloying its surface with various elements. Niobium of the follow- 
ing chemical composition was used as the material for study: 98.9 Ge 
Nb, 0.4 % Ta, 0.15 % Po, 0.13 % Fe, 0.08 %N, 0.09 % 0, 0-01 % Si, 
0.14 % CG and 5 x 10-9 % B. The hardness of the material was 200 kg/ 
mm2, The material was made into specimens which were subjected to 
cementation with Si and Ti. The diffusion layer was analyzed metai-~ 
lographically and by X-ray spectral methods, as well as by micro- 
hardness measurements, The distribution of the diffusion components \ 
through the depth of the protective layer was measured by means of 

the instrument PCAW -2 (RSASh-2) by AN. Deyev. The specimens were 
tested for oxidation by continuous weighing with an accuracy of 
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+ 0.0005 g. The oxidized layer was studied metallographically and a 
by means of X-ray and electronographic methods. During saturation i 
of Nb with Ti and Si, diffusion layers of complex structure and 
composition form. At 900 - 1100°C, a single layer having a micro- 

hardness of approximately 1200 kg/mm2 forms, and at 1200 and 1300°C 

two layers form, the thickness of the second layer being 5 - 6 pe 

The microstructure and microhardness measurements show that the 

same phase forms on the surface of saturated specimens at all tem- 
peratures and times of soaking. By means of X-ray spectral and X- i 
ray structural analysis, it was found that this phase consists of 
niobium disilicide in which Ti is dissolved; this has a hexagonal 

lattice with parameters a = 4.779 KX and c = 6.493 KX. The Nb con- 

tent of the second layer is approximately 82 % The phases Nb, Si, 

and Ti;Si, have identical crystal lattices. Ti and Nb form a conti~ 

nuous series of solid solutions, and it can, therefore, be assumed 


that the second phase consists of a solid solution of Tigdi, and 


Nb, Si. The thickness of the diffusion layers furming on the surfa- 
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AUTHORS 3 Korneristyy,.Yu.eK.e, Bannykh, O.A-, Zudin, I.F., and 
Fpokoshkin, DoAc 


TITLE: Influence of aluminum and carbon on properties of 
steel with 10 % Cr and 13 % Mn, at elevated tempera- 
tures 


SOURCE: Akademiya nauk SSSR. Institut metallurgii. Issleds- 
vaniya po zharoprochnym splavam, vo 7; 1961, 317-328 


TEXT: The influence of Al addition in the range of 2.35 ~ 4.67 % 
and of C in the range of 0.1 - 0.8 % was investigated in 10 % Cr 
and 13 % Mn steel in which the appearance of the o-phase is excilu- 
ded. The samples were prepared by smelting in a magnesite crucible, 
in an induction furnace, and consisted of Armco iron, Cr, Mn (96.5% 
pure) and Al metal. C was introduced by addition of synthetic cast 
iron. The ingots were forged into cylinders of 12 and 20 mm diame- 
ter. starting the forging at 1150° - 1200°C emding at 750°C. The 
samples were then hardened by quenching in water from 950°C for 2 
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hours prior to testing. The resulting structures were: Without Al 
and with 0.1 % (1), with 205 % Al, 004 # G (V) and with 2.5% Al, 
0.8 % G (VI). These steels were austenitic.s With 2.35 % Al and ~.1% 
G (II) the structure was 65 % austenite 35 # ferrite; with 3.012 % 
Al, 0.1 %C (III) ~- 90 % ferrite; with 4.67 % Al, 0.1 % C (IV) = 
100 % ferrite. The temperature dependence of strength and plastici- 
ty was examined, using an WM -4P (IM-4R) machine. The hot hardness 
was examined at 700°, 800° and for samples V and VI also at 900°C, 
on the 3/M—-YM (VIM-IM) apparatus, using a sapphire identor- Resis- 
tance to creep was examingd on the Vifi-2 (IP-2) and IP-5 machines, 
using stresses of 9 kg/mm in the temperature range of 550 - 750°C. 
Resistance to scaling was examined by the weight gain of samples 
heated for various times in muffle furnaces in the 900 - 4200°C 
temperature range. The austenite of the 10 % Cr, 13 % Mm and 0.1 #C 
steel is unstable and is transformed into martensite under the ac~ 
tion of plastic deformation. Aluminum exerts a high ferrite-forming 
action and lowers the high-resistance characteristics. Exploiting 
the y-forming ability of carbon, the austenitic structure can be 
achieved in steel containing aluminum. 0.4 % of C in the presence xX 
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_ AUTHOR: Banny*kh, O, A.; Zudin, I. F.; pasbin, v L; Prokoshkin, D. A.; 
Samarin, A. M. cece eee tie 


TITLE: Properties of ferrite aluminum-iron alloys oe 


".* SOURCE: AN SSSR. Institut metallurgii. ‘Trudy*, no. 14, 1963. Metallurgiya, 
wpa metallovedeniye, fiziko-khimicheskiye metody* igpledovaniya, 68577 


TOPIC TAGS: aluminum alloy, iron alloy, aluminum-iron alloy, ferrite alloy, melting, 
forging, heat treatment . 

» e e . 
ABSTRACT: Some properties of aluminum-iron alloys. are of industrial importance, but 
they are not commonly used as construction materials. “In the present work a number of 
these alloys were exposed to melting, forging and heat treatment, after which they were ° 
studied for specific gravity, impact strength, rupture strength and plasticity under 
various conditions, The chemical composition of the alloys used in the investigation is 
given in Table 1 of tie Enolosure. Two series of alloys were melted: one group in air 
and the other in a vacuum. It was found that vacuum melting of the alloy improves the 
mechanical properties, especially under high-temperature conditions. Figure 1 of the 
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Enclosure shows the dependence of the rupture strength and plasticity of the alloy on the 
aluminum content. The curves show that an increase in the aluminum content to about 15% 
increases the strength of the alloy between 20-600C; at 700C the strength does not depend 
on the aluminum content. The alloy has a maximum strength and satisfactory plasticity 
at 400C; the strength drops sharply and the plasticity simultaneously increases at tem- 
peratures over 600 C. Aluminum-iron alloys may thus be used under stress without add- 
ing a third element at temperatures below 600C. Figure 2 of the Enclosure shows that an 
increase in the aluminum content in the alloy increases grain size at 1,100C. Additional 
studies on the effect of admixtures (Ti, Zr, B, Ni, W) on the properties of the Al-Fe 
alloys shows that the introduction of titanium, zirconium, and boron into alloys with 10% 
Al does not change the strength of the alloy. Zirconium and boron lower the scaling 
' Yesistance of the alloy while additions of nickel and tungsten to an alloy with 15% Al 
lowers the strength and plasticity of the alloy. Orig. art. has: 7 figures and 6 tables. 


ASSOCIATION: Institut metallurgii, AN SSSR. (Metallurgical Institute, AN SSSR) 
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Vacuum-melted d alloys* 
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Be Te 42,99 <0,010 0,wd =| 0,0048. |: 0,0070 
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we Bt 16,82 . | <0,010 ~ 0,030 “0,0020 * i so 
Seiten tie ON a A oN nf dt MB Levisede: an welovs tee 


TABLE 1 - Chemical composition of the alloys tested. 
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Fig. 1 - Dependence of rupture strength and plasticity of alloys on aluminum content 
a at 20C; b = at 400C; c - at 500C; d - at 600 and 700C 
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ACCESSION NR: AT4013955 5/2659/63/010/000/0219/ 0225 
AU THOR: _Prokoshkin, D. A.; Vasil'yeva, Ye. V.; Popov, N. N. 
TITLE: The properties of alloys of the niobium-tungsten-titanium system 


SOURCE: AN SSSR. Institut metallurgii. Issledovaniya po zharoprochny*m splavam, V.- 
10, 1963, 219-225 


TOPIC TAGS: alloy strength, alloy property, alloy oxidation, niobium alloy, niobium 
tungsten titanium alloy, tungsten containing alloy, titanium containing alloy, ternary alloy 


ABSTRACT: In view of oys containing Nb can be used only for special 
purposes, the authors un tructure and properties of five ternary : 
alloys of the Nb-W-Ti system con ght of W and 0, 3, 10, 15 or 20% by 
weight of Ti. The alloys were prep re niobium, 99. 95% pure tungsten, 
and iodide titanium in an arc furnace re) with a nonconsumable 
electrode on a watercooled Cu bottom. “ i y om each alloy 

and subjected to diffusion annealing for 48 hours at 1700C. 

microstructure of the cast and annealed samples, the specific gr 

room and high temperatures, high-temperature creep and the oxi 


expected, the specific gravity decreased with increasing Ti content, 
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room temperature. Annealing produced a decrease in hardness, homogenized the 
microstructure and eliminated the dendritic structure. The high-temperature hardness 
(600-1000C) increased with increasing Ti content. reached a maximum at 10% Ti and 


then decreased sharply. Creep strength was only insignificantly affected by Ti content (in- 
creasing slightly with % Ti), while the rate of oxidation tended to decrease with increasing 


Ti content, reaching a minimum at 10% Ti. The mechanism of oxidation of Nb-W-Ti alloys 


: ig discussed. Orig. art. has: 3 tables and 3 figures. ' 
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, ACCESSION NR: AT4013956 


TITLE: Investigation of chromium-tungsten alloys by the thermal diffusion method 


SOURCE: AN SSSR, Institut metallurgii. Issledovaniya po zharoprochny*m splavam, 
v. 10, 1963, 225-228, 


TOPIC TAGS: chromium, tungsten, chromium tungsten alloy, constitutional diagram, 


thermal-diffusion process 


STRACT: There are differences of opinion about many high-temperature metal systems. 
particular, there are contradictory data on chromium-tungsten alloys. The authors 
together with V. A, Brostrem, who participated in the experimental part of the work, used 
the thermal diffusion method for specifying the constitutional diagram of this alloy. The 
diagram allows one to determine the different phases of the system during diffusive satura- 
tion under isothermic conditions. The author shows that W, Trzebiatowski, M. Ploszek, 
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and J. Lobzowski (X-ray analysis of chromium-molybdenum and chromium-tungsten 
alloys. Anal. Chem., 19, 2, 1941) did not determine one of the phases of chromium- 
plated tungsten, as the X-ray analysis was performed on deformed powders of the Cr-W 
alloy. On the basis of tests with the Cr-W alloy it was possible to assume that annealing 
of Cr-W alloy powders prior to X-ray analysis allows one to detect the CrW3 phase, 
which the authors found by using the thermal diffusion method. Orig. art, has: 4 figures. 
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AUTHOR: Prokoshkin, D. As5 Matveyava, M. P.3; Morozov, Vv. A. 


TITLE: An investigation of the process of plastic deformation of chromium at 
high temperatures 


SOURCE; AN SSSR, Institut metallurgit. Issledovaniya po zharoprochny*m 
splavam, v. 10, 1963, 22-27 


TOPIC TAGS: chromium, chromium alloy, chromium deformation, chromium stress, 
‘plastic deformation, creep, high temperature creep, molybdenum 


ABSTRACT: The basic task of the investigation was 4 study of the influence of 
the substructure formed in the process of creep at high temperatures on the 
subsequent resistance of chromium and chromium alloys to plastic deformation. 
The tests were performed with pure electrolytic chromium (99.96%). Chromium 
samples 55 mm long and 6 mm in diameter were cast in pure helium and were then 
tested for creep on tha IM-4K machine under constant torque at temperatures up 
to 1500-1600G, It was found that one of the most important factors ai nigh 
temperatures is the position o£ the boundaries and the presence of processes 
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TITLE: A study of nickel diffusion in nickel-copper alloys 
6 + 6 
SOURCE: AN SSSR. Institut metallurgif. Issledovanfya po sharoprochny*m splavan, 
v. 10, 1963, 44-46 | . 
: o. . 
TOPIC TAGS: nickel, nickel-copper alloy,, diffusion coefficient, electrolytic 
nickel, nickel diffusion . 


ABSTRACT: A stuéy has been made of the diffusion coefficient in pure electroly-~ 
tic nickel and nickel -coppert alloys. In laboratory scate experiments, three 
test specimens of alloys with 0.05, 1 and 10% copper, and one specimen of pure 
electrolytic nickel were used as strips 70 mm jlong, 8 mm wide and approximately 
504 thick with solid copper plates, soldered at each end, serving as contacts. 
The radioactive isotope Ni©3 was deposited in the middle section of the speci- 
men by atomization’ in vacuum on one side only. The strips were heated many 
times to 1100-1300C by passing alternating current through pure helium. After 
every heating, radioactivity measurenents were taken from each side of the | 
ee The results of the study showed that the diffusion coefficient! was higher 
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for pure nickel and lower for its alloys (Ni-Cu). The energy of diffusion of 
Ni initially increases by 4 factor of 10-15 K. Cal./Mole when copper is added 
as shown in Fig. 1 of the Enclosure. Thus, this study confirmed the results of 
similar studies on Ni-Cu alloys by Kryukov and ghukhovitskiy (Dokl. AN SSSR 90, 
no. 3, 1963), and by Reynolds et al. (Acta Met. 5 no. l, 29, 1957). Thege stud-. 
jes were conducted with nickel-gold alloys, as the nearest system to Ni-Cu 
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and a-solid solution to be investigated. The investigation consis- 
ting of two parts was carried out with the following steels: 1) 0% 
Mo; 2) 1% Mo; 3) 3 % Mo; - 5 4 Mo (part I); 5) 3 % Mo + 0.001 % 
B; 6) 3 # Mo + 0.004 % B; 7) 3 % Mo + 0.008 % B (part II). Fart I: 
Tests carried out were: 1) Dependence of the hardness of various 
steels on the quenching temperature; 2) Microstructure after qucn- 
ching from 1000°C; 3) Dependence of the ultimate strength and cor- 
responding elongation on temperature in the range 600 - 9009C; 4) 
Measurement of creep resistance at 700° and 750°C; 5) A steel quen- 
chea (from 11000C) in water, then subjected to ageing (at 750°C) 
for 10 hours was investigated for strength and ductility when test- 
ed to fracture (20 - 900°C) also for temperature dependence of the 
impact strength, long-time thermal stability and long-time strength 
under a load. The results are fully discussed. Part II: According 
to S.-M. Vinarov (Ref. 10: Trudy MAI, no. 123, Oborongiz, 1960) the 
ability of small amounts of B to increase the heat resistance of 
steels depends on the method of introducing B into the steel and 
the chemical composition of the latter. The steels chosen were tho- 
se previously investigated in part I which showed small creep re- 
sistance. All the investigated steels after quenching (from 1150°C) 
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